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S1U0IIS  ON  m  nmm  of  comAMnunoN  of  ExniAiBMifsiiiAi  mmb 

l«clerl»to(|ic  EunlnaHM  of  KotmeNcolly  SuM  HtcIrMk  CwfiMih 


tlacIci'InlnirU'  lei'hnirii  In  Uetemlnf  ihv  cKlitli'iici'  iif  cnnlnmlimtiiin  in  li(‘iti)(<tit'nll,v 
Hralril  electranlc  rumpnnviita  arc  dcm'i'llu'cl.  flhrir-»lii<'k  clcclriinlr  niinimncnlH  were 
examined  a>  well  aa  Ihuae  eunaldcred  lypienl  ii(  licinir  inriuded  in  the  elei  lninlr  ayairma 
III  apaeeriaft.  Of  the  inn  rnmimnenta  examined,  II  were  i  nnlamlnalcd.  l'a|H>r  and 
mylar-type  caparltnra  were  found  more  llkrly  t4i  hr*  eonlnmlnHled  diiriiiK  fnlirlnillnn 
than  other  lypei  of  eapaeltnra  examined. 

A  praellral  apprnarh  for  the  development  of  proeedurcH  for  the  alerlllanllon  of 
eleeirnnir  enmpunenla  ia  prraeiited. 


UIoIokIc  (iGcontiimliiiitliin  of  H|inci>  vchIcIcH 
anti  proboH  to  prpyunt  cantiimimitloh  of  coIpi*- 
tiiit  liutliuH  wiiH  I'ticummuniliNl  In  lOoH  by 
CKTRX.'  Sine"  that  time,  a  numtier  of  papers 
hit  VO  t)oon  pitblidhotl  in  which  the  itiilhora  ex- 

proanctl  in  iirciii  tlvtnil  (ho  ronmifio  ftil  ntdi'i- 
tIfliiK  a|Miyi’oriift  Imfere  n  Uiititi'  tip  ptfinotHi'y 
IhiuIIiik  lit  miiilo  lAiftoi'lH'rK  itiitl 

Cowlo  (2)  hollovoit  thnt  contHmtnuilnn  of  p 
coloxtini  IkmIv  with  oiipfh  mlertHtrKHiilMmM  woiibt 
Jcopnrtlliie  ittiitllcx  on  the  poxhlbte  exiHtonce  of 
extrntorrcatrlHl  life,  Moreover,  tot  re|mrlctl  b.v 
Ditvlca  tiiid  ('ommnntxlH  {.'{),  blolopic  i-oiiliiml- 
nntion  moy  (llitlorl  the  finillinrn  of  aumplinpit  of 
prelife  orirnnlc  xubatniicex  on  »  celcsllitl  boily 
even  If  no  living  fornix  tire  foiiiut. 

Although  the  probicnt  of  biologic  contnmi- 
nntlon  lx  of  greiit  Intcrext  to  miiny  litotngixtx. 
only  H  few  rexenreherx  hnve  re|Kirletl  on  xltnllex 
relntcd  xpecififotly  to  the  decontuminntlon  of 
xpiicccrnft  (.'I,  1,  7),  Dnvie.H  pml  Commont- 

y.ix  (H)  rccommeniled  o|H'nilioniil  procedorex 
conxixting  of  xlerilc  nxxembly.  tniilt-in  tlixinfec- 

Hrrrikitf  (in  at uti  p'II  .liiU 

I  hr  fnlrmn!!' nnl  f.-tnimUrr  ••n  i  ••nlnmmnl mn  !•»  imt  W'lxni 
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tion.  unit  terniinii)  xtprlll/.iitlon.  The  iixe  of 
belli,  riiilliitlonx,  nnil  eheriilciilx  wax  recom- 
mundeil  for  termlniil  Hterlll/.ation.  I’hllllpx  niid 
Hoffman  (I)  and  Wynne  (•’V)  prexeniwl  dwtii 
to  xhnw  I  hill  hermeliriilly  xeiiled  nnilx  or  com- 
(KinoRtx,  which  are  the  smallest  tinits  of  spacc- 
fi'iifl,  are  contnmlimled  with  mlcroorginilxmx 
ilurlng  fiiliricatlon. 

Iditor,  Nnwltxky  (7)  reiiorteil  nn  ii  gax 
Iranxfer  xyxtem  ilcxlgneil  for  the  xiirfiice 
xterill/.iition  of  the  noxe  cone  iind  x|iaeecrtift. 
I’raeticiit  mcthnilx  for  xterlllzlng  eleefronlc 
I’omiMinentx,  however,  have  not  been  repitrleil. 

ileiii'e,  the  poi'iHixe  of  ibix  reiiorl  in  In  iiee- 
xent  the  lechniex  iixed  in  the  Imeteritilngle 
e.Npmliiiition  of  herniulleiilly  .xeuleil  etoclriinli' 
eoinponentx  with  the  poxHilillity  of  developing 
metbixlx  for  examining  electronic  Ciimpoiienlx 
lifter  xlerlll/iilion.  'I'he  rexotlx  obltiined  from 
examining  "xhclf-xtock"-  compiinenlx  Ingi'ibi'c 
with  a  ,'iericx  of  components  olitained  from  llte 
.Mcniinnell  Airci'aft  Corporalion  (MAC)'  ilitr- 

MMi.iinxI  rr«<ni  lilt  Mt- X  !■ . •  |(....xr.)t  lotM.rnli-tk 
•f  M.xlir.n- 
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liiW  Iht'lr  work  on  I'nOctl  Surveyor  urr 
|)rt*r<t>i)to«l.  MAC  the  followini;  in- 

formation;  “Whilp  thwe  cumiMnionta  were 
not  In'entletl  for  ii«e  in  Surveyor,  they  are 
I'oiiHiileretl  typleal  of  eomiionenta  whkh  wotilil 
la*  Inrhnted  in  the  eleelronli'  syxtemH  of  that 
vehlele.  ComiMuienta  were  celcctetl  from  vari- 
oiiK  electroiile  MvalcniH  unetl  in  other  projeets 
at  MAC.  .Some  of  the  c'om|M>nenta  were  iin- 
tiaiNl,  while  othei'i*  hatl  Imh'ii  in  varioiia  elee- 
Ironic-Hyatem  tuata.  None  of  the  eomiNUienta 
hatl  Iwen  iiaeil  Tor  pntlonirctl  iHTlmla  of  time. 
There  had  Im>oii  nt>  attempt  to  aterilixe  the 
i'«im|Hnienta  either  Ity  MAC  or  liy  the  eom> 
ptinent  manufaetnrur." 

MKTHOIIS  AND  I>K0CK1H1KKH 
Sterllliuiliun  of  teallnK  ehamlicr  ami  ranlenlH 

’I'he  (liaaaai'mlilinK  and  eiilturinw  priwedurea 
of  the  eleelrtinle  enmiNuivnla  were  imiTormod  in* 
aide  41  trerm-free.  flexible,  film  latdaittr  (fix.  !)• 
‘I'he  interior  and  eonlenla  of  the  iaoinbir  were 
alerlllxeil  with  Ciyoxeide  (elhyiene  ttxide  ~ 
It  pereeiit  (Cd  itm.  |wr  eati)  and  nuoritiafad 
hydriaarlMOix  —Sit  iH'n-vid).  The  entire  etni- 
tenia  of  two  2loaini‘e  eana  of  Cr.s*oxeidu  were 
ptinred  ititiekly  into  InrKe  Iteakera,  inaide  Iho 
iatilaftir,  it*  alhtw  the  inixlnre  to  eva|Mirate 
(la  atuin  aa  |Hi.<4alhle.  Aa  tlie  iaolalor  liaa  a 
vtdiime  of  apiirttxlmnlely  tittti  lilera,  the  re.aidf* 
Inp  t'oia'4<nlralliai  iif  ethylene  oxtile  pna  waa 
‘J'Jtl  nip.  liler.  Thia  rtanenlraliiai  4if  elhyiene 
4ixl<le  waa  auffh'leni  l«i  tlealroy  the  maximum 
numlau'  td  •  10')  of  iNielerial  aporea  ff‘/«a. 
trhli»m  Kiiiiriifti  rii  x  aiMii'ea)  \<'hlch  wer«*  drioil  on 
meliil  alrl|ia  ainl  exiaiai'il  In.aide  the  la«ilalor  for 
M  hoiira.  After  atcriltxalion,  the  tliainfeelanl 
ana  waa  iliapliie«al  by  fluahinp  the  latdntto'  with 
filleretl,  alerile  air  overniphl.  Tt*  prmenl  the 
influx  tif  nonalerili*  air,  in  the  event  that  a 
leak  4levelo|HMl  «htrinp  thi>  leal,  faiailive  pi'oa- 
ai4i'e  wa.a  inninttdned  (apiiroximalely  >•  ii;.h 
Wilier  eolumn)  by  I'onlinuoualy  pumpinp  fil> 
leri'd,  aierite  air  into  the  iaolalio'. 

Hefore  and  diirinp  eaeh  leal  run,  e<iiilrol 
le.ala  were  iierformetl  to  ehn'k  the  .alerilily  i»f 
Ihe  interior  of  Ihe  i.aolalor.  .Viitrienl  iipar 
plale.x,  wilh  lop.x  removctl.  were  exiawetl  in- 


aide  the  iaoialor  ilurinp  ihe  entire  o|)eridinp 
time.  Swabbinpa  of  the  Interior  aiirfaiea  of 
Ihe  laolator  anil  ain'faeea  of  Ihe  tiuda  uaed  wore 
made  at  vnriona  intervala,  Ihe  awaha  beinp 
pliu-eii  in  Ihioplyi'ollate  lirolh.  Metal  alripa,  l  on- 
taininp  known  eoneent  rat  Iona  of  a|iorea.  wei'e 
exposed  iluri'ip  the  alerili/.alion  prta-eilure.  The 
nulrieid  apar  (ilalea,  lliioplyeollate  lirolli  eon. 
laininp  the  awaba,  anil  the  metal  alripa  were 
Ineulialeil  at  !Ift  C.  for  (1  daya. 

DiHmia«mhllnR  prormlurea 

Aa  iMiinted  out  by  Wynne  (A),  iliffei'eneua 
in  Ihe  eonalruelion  and  eompoailion  of  the 
varliuia  ty|)oa  of  elei  tronie  eomiMinenla  ruipiii'e 
the  nae  of  different  iliaaaaemblinp  leehniea. 
Kiu'h  I'omiMuient  waa  diaaaaembled  with  Ihe 
nae  of  hanil  IihiIk  aiieh  aa  pliera,  fotTepa,  mor¬ 
tar  and  iiealle,  haek  aawa.  ele.,  ao  that  all  in- 
lerior  aurfneea  i»f  Ihe  eom|Hinenl  were  expoaed 
for  entinrinp  pur|Hiaea,  Mothiula  wore  ilovel- 
o|H)il,  aa  ileairilMul  lielow,  liy  iMuformlnp  initial 
leala  on  a  aeriea  iif  ahelf-atiM-k  eom|Minonla. 
Doth  mlnlaliiru  nail  alamlaril-ai'/e  I'omixiiipnla 
were  iaeluiivil  In  thia  aluily. 

I.  tii  fHiMhim.  Tlni-e  l,v|Hta  of  ruaialiH'a 
were  e.xttminwi:  nMdfkxl  rjtrlxm,  wire-wonml, 
and  iMirreluin-tlciHwIteil  earlain.  The  rtwlalora 
ivere  eaaily  bniken  up  with  Ihe  mni'lar  amt 
m-alte  lauitnae  tif  their  eoin|ataiiion. 

'L  <  itimvihirs,  The  fntlowinp  l,V|H'a  tif 
rnparilttra  were  examlnetl; 

a.  I’ltiwr  anil  mylar 

These  raimrilttra  Inal  lutaleiilly 
the  same  ronalrurllon — I.e.,  thin  la,vera  of 
|Ni|a<r  or  mylar  anil  iiliiminum  ftdl  rolleil  lipht- 
ly  lopelher.  They  illffored,  however,  In  thi* 
lytH>  of  outer  eov«>rinp  whieh  waa  cither  molil- 
etl  pinalir  or  metal,  The  molilcti  plaalie  tyiwa 
were  fiial  eruahcti  wilh  Ihe  mortar  anil  iicalie 
|i»  expo.M'  Ihe  ronlenta.  Meial-eneiiactI  ly|H>.a 
reipiiretl  the  u.ae  of  the  hiii-k  atiw  and  i-ullinp 
pliuia  It)  remove  the  eontcni.a.  The  rolled  lay- 
••i‘a  of  |Ni|N‘r  or  mylar  anil  iilumiiium  foil  were 
(iirefully  .aciairatctl  to  eximae  all  lamailile  aur- 
ftirc.H  whieh  miphi  Ite  ronlnminulc<l  durinp 
fiihrieiitiun, 


FIGURE  1 

Flexible  film  germ-free  isolate 


b.  Ccrninfc  fkt  (IIrc 

ThU  ty|w  of  capacitor  waa  eaally 
cTuahed  and  pulverix^  with  mortar  and  p«»tle. 

c.  Electrolytic 

Theae  electrolytic  capacitora  were 
miniature,  metal-encaaed,  tantalum  cupacitora 
which  were  cut  open  with  the  hack  aaw  and 
cutting  pliera.  The  rolled  tantalum  capacitora 
conalated  of  thin  layera  of  paper  Impregnated 
with  dielectric  paate  and  thin  atripa  of  tan* 
(alum  metal  rolled  together  and  then  aepitratetl 
to  oxpoae  all  aurfacea.  The  aolld  tantalum 
capacitora  were  cruahed  with  mortar  and 
pealle. 

d.  Molded  mica 

Theae  conalated  of  aeveral  aheela 
of  mica  molded  in  Bnkellte,  cruahe<l  with  mor* 
tar  and  poaile. 

8.  IHiM/i'it.  The  dio<lea  examined  were 
miniature)  Klaaa*oncaaed  iypea,  broken  up  wiih 
(hd  mortar  and  paatle. 

4.  HheltttHir  ttiUvn,  tienerahpurpuae. 
KiaaMMmcMae<i  iubea  were  Ua«d.  Th#M  were 
prepare«l  for  culturing  by  breaking  them  up 
with  the  mortar  and  pcatle  and  aeparuting  the 
internal  parta  wiih  pliera  and  forcepa. 

ft.  ItflanH,  linna/MriHcra,  aiirf  /adridfoNir* 
Irra.  Since  theae  were  nil  metnl  encnaed.  they 
were  cut  open  with  the  hnck  anw,  tiaunlly  nt 
the  top  end  which  contained  the  connecting 
potea  or  wire  iendn.  to  expoae  and  remove  the 
contenla.  Each  acrew,  nut  and  bolt,  or  metal 
plate,  holding  or  binding  other  parta,  wan  re* 
move<l.  I’laaltc  cuveringa,  auvh  an  tu|w  uniund 
wire  colia  or  inautatlon  around  wire  Imda,  were 
removed  and  either  iwparatcd  or  cut  into  amali 
piece.*.  Wire  coila  were  cut  with  the  hack  aaw 
or  jewclcr'n  luiw  acruaa  (he  wire  whidinga  and, 
by  careful  leaaiug,  an  many  aa  poaaibte  of  the 
wire  aarfai’ca  were  expoaed. 

(’tthnring  procedurea 

The  cuUoring  priwcdiire  wtia  easenliully  the 
aanie  na  deat  ribed  by  Phillipa  and  Huffman  (4) 


and  Wynne  (5).  The  entire  diaaaaembled  con* 
tonta  of  each  component  were  cultured  in 
thioglycoliate  broth  in  wide-mouth.  acrew* 
cupped  bottlea  and  incubato<i  at  itn  for  d 
daya,  Obaervatlona  for  cloiidineaa.  indicating 
pcaalble  bacterial  growth,  were  made  daily.  A 
aimilar  intact  c<imp4inent  waa  alao  placetl  in 
thioglycnllate  bndh  to  check  a(erillju»tiun  of 
the  outer  aiirface  of  the  component  with 
(Vyoscide.  When  only  one  comiamenf  waa 
available  for  examination,  the  intact  compo* 
nent  waa  Immeraod  in  (he  broth  and  ahaken 
thoroughly.  It  waa  then  removed  with  aterilo 
forcepa  nml  diaaaaeniblcd.  If  (ho  cnmiamenl 
waa  t(N>  largo  to  be  immoraed  in  the  broth  bnt* 
tloa,  a  mniatened  cotton  awab  waa  atreuked 
over  the  entire  aurface  of  the  component  and 
placed  in  a  tube  of  thlnglycollnte  broth.  Both 
the  rinae-broth  and  (ho  tubea  containing  the 
Hwalta  were  Inciibatetl  aa  deacribetl  above. 

ilrelh  cuKurea  ahowlng  clmidineaa  within 
tho  B*day  Incubation  pertiMl  were  checked 
microacopically  for  micriMirganlamH,  Pimillvo 
culturea  wore  atreakod  to  nuti'lont  agar  plaiaa 
for  aerobic  growth  and  innrtilatod  into  (htogly* 
cnllnte  hmih  fw  nnnemhtc  growth.  At  rhr  end 
of  the  6*duy  Incubtilion  porltHl,  all  ntgulivo 
cullurea  (nol  cloudy)  were  trealotl  an  rnilowa! 
Five  ml.  of  the  lirtdh  were  mixeti  ihormighty 
ami  removetl  with  a  atorlle  pipci,  At  the  name 
ilmo,  I  ml.  of  ihia  brtiih  waa  ImMUilateti  Into  a 
lulat  containing  ft  ml.  of  Ihloglycntlate  broth 
to  dllalo  any  lataalble  tNicleriiMtatic  agent  proa* 
cut  In  the  original  broth  contalnini^  the  dlwia* 
HvmliliHl  comiMinenl.  One  drop  waa  placed  nn 
a  acclor  nt  ii  nntrloni  agtir  plate,  ami  the  rt»* 
maining  hrtilh  (approximately  4  ml.)  waa 
placed  la  a  aterilv  talw.  Then  the  broth  that 
waa  placetl  in  the  atcriie  (utwa  waa  iiuH'ulatiHl 
with  I'mnthiiiitnmH  nvrnfiimimt  (o  ahow  the 
alilllly  of  the  lirttih  to  anpiairl  growth,  Nu* 
Iricnt  agar  plaica  ami  lliloglyrnliatc  broth 
lubes  were  inculattetl  at  lift  (’.  for  4H  hourn. 
The  original  broth  UiKIc.h  containing  (hr  dia- 
as.semlilcd  ctimiamcnla  were  incubtiled  for  an 
additional  2  wevk.s  at  naim  temperature.  PtiaU 
live  cult  ores  developing  at  thu  emi  of  the  2 
weeks  were  trealcti  aa  de.scribpti  above.  (]ul- 
tiircs  i>f  contaminatcti  comiatacnta  were  stored 
in  the  refrigerator  for  future  identification. 
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RESULTS 


Th«  rfftiultii  of  the  becteriologlc  eMmine- 
tion  of  the  hermetically  eealed.  electronic 
componenta  are  ahown  in  table  1.  Of  a  total 
of  166  componenta  teated,  11  were  contami* 
nated  internally.  Thia  table  ahowa  that  of 
101  capacitora  examined,  0  were  contaminated, 
Airthermore,  1  of  4  tranaformera  and  the 
1  maimetlc  modulator  were  contaminated.  The 
other  typea  of  electronic  componenta  teated 
yielded  necrative  reaulta.  All  but  2  of  the  con¬ 
taminating  microorganiama  which  were  iao- 
lated  were  apore-forming  bacteria.  In  one 
inatance.  anaerobic  atreptococci  were  iaolated 
from  a  molded  mica  capacitor,  The  magnetic 
modulator  yieldad  a  gram-negative  organiem. 
Table  11  ahowa  the  reaulta  of  the  apecific  typea 
of  capacitora  teated.  Theae  reaulta  indicate 
that  paper  and  mylar  capacitora  are  more  like¬ 
ly  to  be  contaminated  during  fabrication  than 
any  of  the  other  typea  of  capacitora,  Table  111 
ahowa  the  reaulta  of  the  eaamlnationa  of  the 
componenta  obtained  from  MAC. 

DISCUSSION 

The  reauHa  obtained  in  thia  atudy  confirm 
the  o^iittence  of  nmramlnatl&n  of  the  interior 
of  hmmetlcaUy  aealed  eleotronie  cempmMmta 
aa  prwimiaty  reported  by  Phillipa  and  Hoff¬ 
man  and  Wynne.  Admittedly,  the  number  of 
electronic  componenta  examined  waa  amatl, 
A  aufficient  number  of  componenta  were 
examined,  however,  to  aerve  aa  a  baaia  for 
dfvaloping  proeedurea  for  tha  roieroblologio 
axamination  of  elactronic  coropmenta  aftar 
alarltiaation. 

Studkw  on  tha  pravtntion  of  contamination 
of  extraterreatrial  bodita  with  earth  mkro- 
organlama  whkh  may  be  trapped  during  fabri¬ 
cation  on  the  interior  aurfacta  of  harmatkally 
aealed  eketronk  componenta  involve  aeveral 
important  factors,  First,  the  existence  and 
rata  of  cmitamination  of  the  various  typea  of 
componanta  ahouM  be  determined.  A  knowl¬ 
edge  of  the  composition  and  aasambly  of  the 
ehictronk  componenta  would  be  of  value  in  the 
diaaaaembiing  procedures  in  order  to  expose 
all  interior  aurfacea  for  culturing  purposes. 
Second,  for  those  componenta  that  ore  not  sen¬ 
sitive  to  heat  or  radiation,  procedures  for 


TABLE  I 


Internal  eontamination  of  electrauif 
eomponentt 


Type  of  eomp«n«nt 

Number 

•xamintd 

Number 

poellive 

Ciipiicitoni 

101 

9 

nesi»tpr» 

4S 

0 

Diodon 

B 

0 

Elvflronlc  tube* 

B 

0 

Rtlsyt 

a 

0 

Tranifornwr* 

4 

1 

Magntttc  miHluletar 

1 

1 

MIcrepoellloMr 

1 

0 

PotentfonwUn 

a 

0 

Total 

IM 

It 

TABLE  U 

Internal  eonlaminatiom  af  different  typea 
of  eapaetiore 


CapMitor 

Number 

cMaralned 

Number 

pMtUve 

Paper 

ai 

B 

Mylar 

to 

a 

ClKlrelyUe 

14 

0 

Caiemh  Oat  diav 

n 

A 

»e  _t.> — 1  — r — 

» 

I 

Total 

wt 

» 

TABLE  111 

Intemat  eontamination  of  eomponenia  obtained 
from  MeDonnell  Aireraft  Corporation 


Type  of  compmtenr 

Number 

eumtned 

Number 

yeatUve 

Capacltere 

Mylar 

4 

a 

Payer 

A 

1 

Ceramk  rial  Alw 

A 

0 

CleeUelytie 

Reelalen 

4 

0 

MokM  carbon 

a 

0 

Wire- wound 

10 

0 

Porcelain  depoelled-carben 

lA 

0 

Diode* 

A 

0 

gleeirvnic  lube* 

A 

A 

Relay* 

t 

A 

Tranaformere 

4 

t 

Maynelte  meduiater* 

1 

1 

MIcropoai  Hotter 

1 

0 

Petenilomelent 

x 

0 

Tola! 

7A 

L- 

6 


Merllking  them  compiitfble  with  the  operti- 
tlonal  charticterbricK  of  the  componenta  ahoultl 
be  develo]>e<t.  ISither  Kierile  uiiaembly  or 
built' in  diHinfevtion  teehnica  would  be  required 
for  componenta  thnt  are  nenaitive  to  heat  and 
radiation.  Finally,  routine  proi'Mltirea  for  ex- 
umlninK  repreaentative  numbera  of  electronic 
i'om|)onentK  after  aterilizatinn  and  uaaembly 
ahould  be  developed.  Repardleaa  of  the  method 
employed,  there  ia  no  definite  uaaurunce  that 
ail  the  componenta  will  be  aterile.  The  exami¬ 
nation  of  repreaentative  numbera  of  the  dif¬ 
ferent  tyiwa  of  electronic  componenta  would 
at  the  moat  pive  only  a  relative  aaaurttnce  that 
componenta  are  aterile  when  aaa«mble<i  nr 
treated  in  a  almibtr  manner.  Selection  of  the 
repi'eaent alive  number  of  componenta  to  be 
examined  wotdd  depend  on  qiuditative  and 
quanlilative  atudiea  of  the  extent  of  contaml- 
nalton  of  oleidronlc  componenta. 


Preliminary  atudiea  on  the  effecta  of  heat 
and  radiation  on  electronic  componenta  that 
have  been  deliberately  contaminated  with 
known  concent  rat  iuna  of  bacterial  aporea  dur- 
inp  fabrication  will  be  conducteci  at  the  School 
of  Aeroainire  Medicine  for  the  purpoae  of 
dcvelopinp  prncednrea  to  aterllixe  electronic 
componcntii.  By  thia  procetinre  the  time- 
lomporuture  eximaurea  and  the  rudiatinn  doa- 
upo  requirementa  for  the  aterilisation  of 
electronic  componenta  can  be  determined.  Thia 
atudy  cannot  be  cni'rie<l  out  effectively  if  only 
nntural  canlamlnatlon  ia  iiaed,  becnuae  natural 
contamination  occnra  infrequently  and  ia 
preatimably  of  low  level.  Philllpa  and  Hoff¬ 
man  (4)  reiMH'ied  21  of  I2>1  componenta  con- 
laminated;  whereaa,  In  the  atudiea  made  in 
the  Mlci'ubiulai(y>-('ellular  Biolopy  Branch  at 
the  School  of  Aoroaiuice  Meillcinc,  II  of  160 
comp4HwniH  were  contaminatotl. 
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